We report the results of a sensitive search for the minor isotopologues of water, H 
of a factor 1.8 on the extent of any isotope-selective enhancement of H 17 2 O in the circumstellar material, and provides an important constraint on any model that invokes CO photodissociation as the source of O for H 2 O production. In the context of the clumpy photodissociation model proposed previously for the origin of water in IRC+10216, our limit implies that 12 C 16 O (not 13 C 16 O or SiO) must be the dominant source of 16 O for H 2 O production, and that the effects of self-shielding can only have reduced the 12 C 16 O photodissociation rate by at most a factor ∼ 2.
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Introduction
A key Herschel result of relevance to evolved stars has been the discovery of water vapor in the warm inner envelope of the carbon-rich AGB star IRC+10216 (a.k.a. CW Leonis). Here, SPIRE, PACS, and HIFI observations of multiple water transitions emitted by the dense outflowing envelope of this star have established (Decin et al. 2010a; Neufeld et al. 2011a ) the presence of warm water vapor within a few stellar radii of the stellar photosphere. The presence of water vapor so close to the star definitively rules out a previous suggestion that the origin of the water vapor, originally detected by means of Submillimeter Wave Astronomy Satellite (SWAS) observations of a single water transition (Melnick et al. 2001 , was the vaporization of a Kuiper Belt analog. In addition, and very strikingly, a small HIFI survey for water vapor in eight additional carbon-rich AGB stars has led to the detection of water emission from all eight sources, suggesting that the presence of water in carbon-rich AGB stars is nearly universal (Neufeld et al. 2011b) . Moreover, strong similarities in all eight sources between the spectral line profiles of water and those of other species such as CO argue against the water being released from a flattened structure such as a Kuiper Belt analog.
The widespread occurence of water in these sources is surprising, because the carbonto-oxygen ratio is the critical determinant of the photospheric chemistry in evolved stars. The photospheres of oxygen rich-stars, with C/O ratios < 1, are dominated by CO and H 2 O; those of carbon-rich stars, by contrast, are dominated by CO, HCN, and C 2 H 2 and -under conditions of thermochemical equilibrium -are expected to contain very little H 2 O. The water abundances derived from Herschel observations of carbon-rich AGB stars are typically 3 to 4 orders of magnitude larger than the photospheric abundance expected under conditions of thermochemical equilibrium. This huge discrepancy, first revealed in IRC+10216 by SWAS, had led to the suggestion of several possible origins for the water vapor, including (1) the vaporisation of icy objects (comets or dwarf planets) in orbit around the star ; (2) Fischer-Tropsch catalysis (Willacy 2004) ; (3) photochemistry within an outer, photodissociated shell (Agúndez & Cernicharo 2006) ; (4) photochemistry within a clumpy outflow (Decin et al. 2010a; Agúndez, Cernicharo & Guélin 2010) ; (5) nonequilibrium chemistry associated with pulsationally-driven shock waves (Cherchneff 2011 (Cherchneff , 2012 . At least in the case of IRC+10216, the first three of these suggestions can been ruled out by the relative strengths of the many water transitions detected by Herschel. Here, the large relative strength of high-lying water transitions indicates the presence of warm water vapor close to the star, whereas the models for origins (1) Lyons & Young (2005) as an explanation for isotopic anomalies in the solar nebula.
This isotope-selective photodissociation of CO preferentially produces 17 O and 18 O, which will then go on to form the minor isotopologues of water vapor. By contrast, an origin for the water vapor that does not involve the photodissociation of CO, as in the shock-driven chemistry model proposed very recently by Cherchneff (2011 Cherchneff ( , 2012 (Kahane et al. 1992) 1 This prediction follows from the fact that gas-phase reactions are unlikely to 1 These isotopic abundance ratios were determined from single-dish observations of optically-thin transitions of 13 CO, C 17 O, C 18 O, 13 CS, and C 34 S within the circumstellar outflow, under the assumption that isotopic fractionation and isotope-selective photodissociation are negligible for these minor isotopologues of CO and CS. Kahane et al. ( 1992) justified that assumption with reference to theoretical models -which suggest that fractionation is only important in the outermost part of the envelope -and by comparing the provide any significant isotopic fractionation, because the particle kinetic energies at the high temperatures of the inner envelope are much larger than any zero-point energy differences between the relevant molecular isotopologues.
As discussed by Neufeld et al. (2011a) , previous data available from a full HIFI spectral scan of IRC+10216 place upper limits of 5 × 10 −3 (3σ) on the H In §2 below, we discuss the new observations and the methods used to reduce the data. The results are presented in §3 and discussed in §4.
Observations and data reduction
The observations of IRC+10216 were carried out on 2011 May 18 in the Open Time program OT2 dneufeld 6. We used HIFI in dual beam switch (DBS) mode to target the 1 10 − 1 01 rotational transitions of H Table 1 . The telescope beam, of diameter ∼ 38 ′′ (HPBW), was centered on IRC+10216 at coordinates α = 9h 47m 57.41s, δ = +13 0 16 ′ 43.6 ′′ (J2000), and the reference positions were located at offsets of 3 ′ on either side of the source. The wide band spectrometer (WBS) was used to obtain a spectral resolution of 1.1 MHz, corresponding to a Doppler velocity ∼ 0.6 km/s at the frequency of the observed transitions. The data were processed using the Herschel Interactive Processing Environment (HIPE; Ott 2010), version 9.0.0, providing fully calibrated spectra with the intensities expressed as antenna temperature and the frequencies in the frame of the Local Standard of Rest (LSR). Given a Herschel aperture efficiency of 0.68 (Roelfsema et al. 2012) , the ratio of antenna temperature to flux is 2.1 mK/Jy for an unresolved source at the center of the beam.
For each spectral line, we used three separate local oscillator (LO) frequencies, evenly spaced by a small offset, to facilitate sideband deconvolution. The standard deconvolution tool is optimized for spectral scans in which the redundancy is 4 or greater and the LO observed line profiles, which provide no evidence for any radial dependence in the relative abundances of the various isotopologues.
spacings are slightly uneven; if the redundancy is less than 4, the standard method fails to remove small artifacts. We therefore used a maximum-entropy deconvolution method to decompose the double sideband spectra into a pair of single-sideband spectra. Because the entropy of the artifacts mentioned above is small, this method allows a reliable solution to be determined by minimizing χ 2 while keeping the so-called "gain entropy" high. We were able to confirm the results of this method by comparing them with spectra derived by manually separating the strongest LSB and USB lines.
After performing the sideband deconvolution as described above, we found the resultant spectra obtained for the horizontal and vertical polarizations to be very similar in their appearance and noise characteristics. We therefore coaveraged the two orthogonal polarizations, and -to improve the signal-to-noise ratio -then rebinned the spectra to a velocity-resolution of 3 km/s. 2 O obtained from the data reduction procedure described in §2 above. The underlying noise ∼ 1 mK (r.m.s. in the smoothed spectra) is consistent with the predictions of the HSPOT time estimator, but the spectra are clearly characterized by a high density of emission features. For lines with peak antenna temperatures exceeding ∼ 10 mK (∼ 5 Jy), plausible identifications were readily obtained from standard catalogs 2 and are marked in Figures 1 and 2 ; here the width of each mark indicates the uncertainty in the line frequency (or, in the case of AlCl, the frequency spread of the hyperfine components). However, for lines weaker than ∼ 5 Jy, no plausible identification was obvious. Many of these weak unidentified lines are relatively narrow, implying expansion velocities ≤ 6 km/s and suggesting an origin close to the star. In this respect, the spectrum is rather similar to that obtained in the 345 GHz spectral survey of IRC+10216 carried out by Patel et al. (2011) , which revealed a new population of weak, narrow, and mainly unidentified emission features that the authors attributed to uncatalogued transitions within vibrationally-excited states. Given the density of emission features in the spectra that we obtained, the incompleteness of current line catalogs unfortunately limits our ability (more so than the intrinsic signal-to-noise ratio) to identify very weak emissions from H (Daniel et al. 2012 ) along with ALMA observations of transitions of lower frequency within the ν 2 = 1 state (Daniel et al. in preparation), we expect a velocity integrated antenna temperature of 62 mK km/s for this HNC transition (with the line strength and profile shown in red). After subtraction of the expected HNC emission, the observed spectrum (blue) shows no clear evidence for any residual that could be attributed to H 18 2 O.
Results

Figures 1 and 2 show the spectra targeting H
Discussion
Because our sensitivity to H 18 2 O is limited by the precision with which we can model the interloper HNC ν 2 = 1f J = 6 − 5 line, and given the inferred photospheric isotopic ratio of 17 O/ 18 O ∼ 1.5, we will focus on the H 17 2 O line intensity limit as a constraint on the extent of any isotope-selective enhancement in the minor isotologues of water. Using the model of González-Alfonso et al. (2007) for the excitation of water in IRC+10216, we found that the observed line intensity limit, H (Neufeld et al. 2011a ) would be f e ∼ 12 C/ 13 C = 45 (Cernicharo et al. 2000) . Such a large enhancement factor is entirely inconsistent with the data reported here, and would argue against the clumpy photodissociation model and in favor of the alternative model proposed by Cherchneff (2011 Cherchneff ( , 2012 . However, as noted by Neufeld et al. 2011a) , this large predicted enhancement might be decreased if photodissociation of 12 CO or SiO contributed significantly to 16 O production. Moreover, the photodissociation of 12 CO in vibrationally-excited states that are populated close to the star might further reduce the enhancement factor. A proper account of these effects will require an extensive theoretical study, beyond the scope of this Letter, in which the clumpy photodissociation model is investigated fully with detailed treatments of radiative transfer and of the photodissociation of vibrationally-excited CO.
In any such model, photodissociation of 12 C 16 O would necessarily have to be the primary source of 16 O. Barring any gas-phase fractionation effects, which would to have be extremely minor at the high gas temperatures in the inner envelope, the observed upper limit on H 
